We present Near-IR photometry of the Arches cluster, a young and massive stellar cluster near the Galactic center. We have analyzed the high resolution (FWHM ∼ 0.2 ′′ ) H and K ′ band images in the Galactic Center Demonstration Science Data Set, which were obtained with the Gemini/Hokupa's adaptive optics (AO) system. We present the color-magnitude diagram, the luminosity function and the initial mass function (IMF) of the stars in the Arches cluster in comparison with the HST /N ICM OS data. The IMF slope for the range of 1.0 < log (M/M ⊙ ) < 2.1 is estimated to be Γ = −0.79 ± 0.16, in good agreements with the earlier result based on the HST /N ICM OS data [Figer et al. 1999, ApJ, 525, 750]. These results strengthen the evidence that the IMF of the bright stars close to the Galactic center is much flatter than that for the solar neighborhood. This is also consistent with a recent finding that the IMFs of the bright stars in young clusters in M33 get flatter as the galactocentric distance decreases [Lee et al. 2001, astro-ph 0109258]. It is found that the power of the Gemini/AO system is comparable, with some limits, to that of the HST /N ICM OS.
I. INTRODUCTION
The Arches cluster is a very unique cluster in the Milk Way, because it is a very massive and compact young cluster close to the Galactic center. It was confirmed as a star cluster including emission-line stars by Nagata et al (1995) . To date only three clusters are known to be very close to the Galactic center. The other two clusters are the Quintuplet cluster and the IRS 16 cluster at the Galactic center. The size of the Arches cluster is about 15 ′′ (= 0.58 pc at the distance of 8 kpc), and the total mass is estimated to be about 10 4 M ⊙ (Figer et al 1999) . The Arches cluster has a very high peak density 3 × 10 5 M ⊙ pc −3 in the inner 9 ′′ (0.35 pc), showing that it is one of the densest known young clusters in the Local Group galaxies. Similar examples are R 136, the central cluster of 30 Dor in the Large Magellanic Cloud and NGC 3603 in our Galaxy. The age of the cluster is estimated to be about 2-5 Myrs (Figer et al 1999 , Blum et al 2001 . Very recently Yusef-Zadeh et al (2002) detected, using the Advanced CCD Imaging Spectrometer on board Chandra X-Ray Observatory, two X-ray sources in this cluster, and suggested that the X-ray emission from the sources arises from stellar wind sources in the cluster. The presence of compact young clusters like the Arches cluster and the other two clusters near the Galactic center indicates that stars are forming even in such a dense environment. Therefore a study of these clusters will provide important hints for understanding the star formation process under extreme environments.
Stars in the Arches cluster were studied in detail for the first time by Figer et al (1999) and Kim et al (2000) who used the Hubble Space Telescope (HST ) Near-Infrared Camera and Multiobject Spectrometer (N ICM OS) observations. Figer et al (1999) found several interesting results on this cluster: (1) the Arches cluster is very young, with an age of only about 2 Myrs, showing that stars are forming very recently in the region close to the Galactic center; and (2) the initial mass function (IMF) of the massive stars in this cluster is derived to be significantly flat, having a slope of Γ = log N/ log M = −0.7 ± 0.1 for the mass range of 0.8 < log (M/M ⊙ ) < 2.1. Surprisingly this IMF slope is much flatter than the average for other clusters in the solar neighborhood which is close to the Salpeter value, Γ = −1.35 (see Scalo 1998) . This result shows, if confirmed, that stars with flatter IMFs are formed in the dense region like the Galactic center, while stars with steeper IMFs are formed in the low-density region like the solar neighborhood.
In spite of the importance of the study of these clusters, there are only a few studies of these clusters to date. It has been a demanding job to investigate the IMF for the clusters like the Arches from the groundbased observation, because the cluster fields are very crowded and the interstellar extinction toward the clusters is severe. Therefore the HST remains to be almost the only instrument useful for these studies until recently. However, with the advent of Adaptive Optics (AO) system at the Gemini Telescope, it became pos- In this paper we present Near-IR photometry of the Arches cluster obtained for science demonstration using the Gemini/AO system in comparison with the HST /N ICM OS results. Preliminary results of this study were presented by Yang et al (2002) . During the preparation of this paper, Stolte et al (2002) also presented at a conference a similar study to ours using the same data set.
II. DATA SET and DATA REDUCTION (a) Data Set
We have used the data set prepared as part of the Galactic center demonstration science which was obtained using Hokupa's Adaptive Optics system at the Gemini/ North telescope in July, 2000. We have analyzed the preprocessed data released to the public. This data set contains deep, high resolution H and K ′ band (1.65, 2.12 µm) images of the central regions of the Arches cluster. The pixel scale is 0 ′′ .02/pixel, giving a total field of view 20 ′′ .5 × 20 ′′ .5. Table 1 lists the observation log. The FWHMs of the point sources are measured to be ∼ 0.2 ′′ in the H band images, and ∼ 0.1 ′′ in the K ′ band images. Fig. 1 . displays gray scale maps of the Gemini images of the Arches clusters in comparison with the HST /N ICM OS images. The field of view of the Gemini images is smaller than that of the N ICM OS images, as shown in Fig. 1 , but covering the most central region of the cluster. Fig.1 shows that stars in the cluster are very well resolved in the Gemini images.
(b) Data Reduction
We have derived the instrumental magnitudes of the stars in the images using the point spread function fitting package of IRAF /DAOPHOT (Stetson 1987) . Because the median sky level was subtracted from the image in the released data set, we added this value to the raw image to derive photometric errors.
Because this data in the Gemini demonstration program was obtained primarily to check the performance of the telescope and instruments and to test the data reduction scheme, this data set has some limitations for detailed study of the Arches cluster. First, the exposure time of the H images is not as deep as K ′ images. Therefore fewer faint stars are detected in the H images than in the K ′ images. Second, the field coverage of each exposure is somewhat different, reducing the areas common among the images. Third, the observation for standard stars is not available. However, these images are still the sharpest and deepest images ever taken of this cluster at the ground-based telescope.
Because the observation for standardization was not available for this data set, we have calibrated our photometry using the HST /N ICM OS data given by Figer et al (1999) . We have transformed the instrumental H and K ′ magnitudes into the HST /N ICM OS system using the photometry given by Figer et al (1999) . The effective wavelengths of the N ICM OS filters F160W and F205W are, respectively, 1.60 and 2.05 µm, which are slightly different from the Gemini filters.
The coordinate transformation equations between the Gemini photometry and the N ICM OS photometry are derived as follows:
where the coordinates are given in units of pixel of the N ICM OS and the Gemini images, respectively.
Using the bright stars common between the Gemini and N ICM OS images we have derived the transformation equations as follows:
where h and k represent the instrumental magnitudes of Gemini. Hereafter we use H and K, respectively, for the calibrated magnitudes in the Gemini photometry, m F205W and m F160W . Fig. 2 shows the differences in magnitudes and colors between the N ICM OS and the Gemini for the stars used for the transformation. Relatively large scatters seen in Fig. 2 appear to be due to the variation of the PSFs and the difference in the filters of the two systems. Table A1 lists the photometry of the 327 measured bright stars (K < 17) of the Arches cluster. The X and Y coordinates listed in Table A1 are given in units of the pixel which corresponds to 0.02 arcsec. X increases to the west and Y increases to the north in Fig. 1(left) . Some bright stars are labeled for identification in Fig.  1(left) .
III. Color-Magnitude Diagram
We display a color-magnitude diagram (CMD) of the measured stars in the Arches cluster in Fig. 3 . Fig. 3 shows that most of the stars in the Arches cluster which corresponds to the upper main sequence of massive stars, indicating a very young age for the Arches cluster. The mean color of the main sequence is (H − K) ≈ 1.8. Almost all the stars in the Gemini field are thought to be on the main sequence. The main sequence appears to be broadened due to a large amount of differential reddening that depends on the variable local extinction. For comparison, we have also plotted in Fig. 3 the HST /N ICM OS photometry given by Figer et al (1999) for the same field (marked by the square in Fig. 1 .). Our CMD shows in general a good agreement with the HST /N ICM OS results. However, the Gemini photometry is about 2 magnitude shallower than the HST photometry due to the shorter exposures of the Gemini H images. In this study we adopt a distance modulus of (m − M ) 0 = −14.52 (=8 kpc; Reid 1993) for the Arches cluster. For extinction correction, we use the mean color of the O-type stars in the cluster. We estimate the average color of the observed O-type star candidates with 12.0 < K < 15.0 on the main sequence, obtaining a value of (H − K) = 1. derive approximately an age of t age ≈ 2 ± 1 M yr, as shown in the right panel of Fig. 3 . This value is basically the same as the value given by Figer et al (1999) .
IV. LUMINOSITY FUNCTION
We have derived the luminosity function of the measured stars in the Arches cluster. To estimate incompleteness of our photometry, we have carried out the completeness test as follows. After adding artificial stars into the original frames, we have analyzed the resulting artificial frames in the same fashion as we applied to derive the photometry of the Arches cluster in the original images. We added only 50 stars to each image not to degrade the quality of the original images, and repeated the same process to create 400 artificial frames for each of H and K ′ . Our experiment was designed that the artificial stars follow random spatial distributions in each frame and that the LFs of the artificial stars follow the power law distributions. Table  2 lists the completeness of our photometry we derived thus. Table 2 shows that our photometry is more than 50% complete for K < 18 and H < 19.
Since K ′ images are much deeper than H images, we derive the luminosity functions of stars from each of K ′ and H photometry, rather than from the combination of both. We assume the mean color of the stars detected only in the K ′ images to be (H − K) = 1.86. region as the Gemini field are also plotted for comparison. Fig. 4 shows that the LFs increase up to K ≈ 18 and H ≈ 18, and start decreasing thereafter. The turnover appears to be due to incompleteness of the Gemini photometry. It is found in Fig. 4 that the Gemini LFs are very similar to the NICMOS LFs for K < 18 and H < 18. Since the Gemini field is so small that there is little area which can be used as a control field for deriving the LFs of the cluster. Therefore we have used the N ICM OS data for deriving the LFs of the control field which can be used for estimation of the field stars in the Gemini data. Although the characteristics of the Gemini data and the N ICM OS data are different, the incompleteness-corrected LFs can be used approximately as a useful guide. We selected the outer regions at r > 9 ′′ .5 from the center of the cluster in the N ICM OS images as a control field. The ratio of the area of the cluster field to that of the control field is 2.77, which is used for normalizing the LFs of the cluster region. The data for the incompleteness of the N ICM OS photometry were provided by Figer et al(1999) . Fig. 5 (Upper panels) shows the incompleteness-corrected LFs of the control field thus derived and the LFs of the Arches cluster (thick lines with error bars). In the lower panels of Fig. 5 we display the LFs of the Arches cluster after incompleteness correction and field star subtraction. We plot the LFs for K < 18 and H < 19 for which the completeness in our photometry is higher than 50 % in Fig. 5 .
V. INITIAL MASS FUNCTION
Luminosity functions of stars in clusters can be used to derive the initial mass functions with which stars in clusters form. For deriving the IMF we have followed the similar procedures to those used by Figer et al (1999) . We have converted the K-band LF derived in the previous section to the IMF, using the Geneva isochrone with an age of 2 Myrs as derived above. Fig. 6 shows the resulting IMF of the Arches cluster. Fitting a single power-law to the data, we derive a value for the slope of the IMF, Γ = −0.79 ± 0.16 for the range of 1.0 < log (M/M ⊙ ) < 2.1. This value is in good agreement with the result based on the HST /N ICM OS data, Γ 0.8−2.1 = −0.7 ± 0.1, derived by Figer et al (1999) . This result confirms that the IMF of the Arches cluster is indeed much flatter than that of the solar neighborhood which has an average value between Γ = −1 and Γ = −2 (Scalo 1998 ).
This result is also consistent with a recent finding based on the HST /W F P C2 data that the IMFs of the bright stars in young clusters in M33 get flatter as the galactocentric distance decreases (Lee et al. 2001) . This trend for the IMF depending on the galactocentric radius is not completely understood by any single theory until now, requiring detailed theoretical studies in the future. However, it may be explained by the photoevaporative process which provides a viable mechanism for ablating massive protostellar cores. In a dense environment where mass segregation occurs, massive stars in the more metal-rich center suffer less from ablation than low-mass stars. As a result, the IMFs get steeper, as the galactocentric radius increases and as the metallicity decreases (see Waller et al 2002 for details) . This result leads to a prediction that the most top-heavy (the flattest) IMFs may occur near the metal-rich centers of star-forming galaxies (Lee et al 2001). 
VI. SUMMARY
We present Near-IR photometry of the Arches cluster near the Galactic center, using the data obtained for scientific demonstration with the Gemini/AO. Primary results are summarized as follows: First, the color-magnitude diagram of the Arches cluster shows a dominant blue main sequence consisting mainly of massive stars. Second, the age of the Arches cluster is estimated to be 2 ± 1 Myrs, using the Geneva isochrones. This value is consistent with that based on the HST /N ICM OS data (Figer et al 1999) . Third, the K and H luminosity functions of the bright stars in the Arches clusters are derived, showing a slow increase toward the faint end. Fourth, the initial mass function of the massive stars with 1.0 < log (M/M ⊙ ) < 2.1 is derived. Fitting the power law to the data, we obtain a value for the IMF slope, Γ = −0.79 ± 0.16. This confirms that Figer et al (1999) 's result that the IMF of the Arches cluster is much flatter than that of the solar neighborhood. Although the HST provides unprecedented spatial resolution for the dense region, our results show that the ground-based AO systems in the Gemini telescope can yield comparable scientific results with some limits.
